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CHARGED PARTICLE REDUCTION IN ANALYTE 

PROCESSING 

BACKGROUND 

1. Field of the Invention 

5 The present invention relates to processing analytes. 

2. Discussion of the Background Art 

Analytes, for example, can be molecules like nucleic acids, polypeptides 
or other organic small analytes. The analytes are normally dissolved in a 
solution, for example a buffer. The analytes can be processed e. g. by 

10 using gel electrophoresis or chromatography. These analyzing 
techniques are often very sensitive to the solution containing the 
molecules to be analyzed, which is normally called matrix or sample 
matrix. Processing of the analytes might also comprise changing the 
solution, containing the analytes or reducing the amount of particular 

15 components or particles in the solution for e. g. storage of the analytes. 
In the context herein, the term "processing" relates to all kind of handling 
techniques employed to analytes. 

SUMMARY OF THE INVENTION 

It is an object of te present invention to provide an improved processing 
20 of analytes. 

Embodiments of the invention use the different electrophoretic mobilities 
of the charged particles and the analytes in an electric field in order to 
reduce the concentration of the particles in A) by applying an electric 
field to the first solution being in the compartment. It is often preferred to 
25 reduce the amount of the charged particles, because they might interfere 
with the further processing of the analytes. During A) the concentration of 
the particles is reduced in a certain part of the first solution which is 
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located in a certain section of the compartment, because the particles 
move with a different velocity than the analytes in the electric field. 
Therefore in this special part of the first solution there are still enough 
analytes to be used for further processing in B), but there is also a 
5 reduced amount of the particles. 

One variant of A) is shown in Figure 2. Due to the reduced concentration 
of particles, this part of the first solution can then be used in the 
subsequent B) for further processing. One example of B) is shown in 
Figure 4, where the analytes are introduced into a second conduit of a 
10 microfluidic device for analysis. 

Embodiments of the invention are especially suited when just a special 
fraction or part of the solution containing the analytes ("sample plug") is 
analyzed, for example in microfluidic chips. 

In one embodiment, B) might just comprise an additional handling 
15 process, for example transferring the part of the first solution containing 
the analytes obtained in A) to a different container for storing this part of 
the first solution. The storing might for example comprise cryogenic 
freezing of the analytes for long term storage at low temperatures. In this 
case, A) can reduce the amount of particles potentially impairing the 
20 analyte's ability to be stored, so that a reliable storing can be ensured. 

In one embodiment, B) further comprises analyzing the analytes. If, for 
example, polypeptides used as analytes, dissolved in a high salt buffer 
are introduced into a capillary with low salt conditions for capillary gel 
electrophoresis, the so-called "sample dispersion" takes place. This 
25 effect of sample dispersion leads to a dilution of the polypeptide of up to 
ten times, therefore complicating the analysis of the polypeptide. On the 
other hand, if a polypeptide dissolved in a low salt buffer is introduced 
into high salt conditions in a capillary, the opposite effect, the so-called 
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"sample stacking" might occur. This sample stacking leads to a focusing 
of the polypeptide in a very narrow band therefore increasing the 
concentration of the polypeptide in this area. 

Moreover, chromatographic methods are often very sensitive to the 
5 buffer and especially pH conditions of the protein, so that the buffer of 
the protein often has to be tightly controlled during a chromatographic 
analysis of polypeptide or nucleic acids in order to ensure a good 
chromatographic separation. Therefore the solution containing the 
analyte molecules to be analyzed often has to be changed before the 
10 analysis can take place. This can be done for example by using dialysis. 
During dialysis the solution containing the molecules to be analyzed is 
normally sealed inside a dialysis bag comprising a semi-permeable 
membrane which is immersed in a relatively large volume of a new 
solution having a composition required for further analysis. Normally this 
15 relatively large volume of the new solution, where the dialysis bag is 
immersed, has to be changed a few times in order to ensure a good 
changeover of the solution, therefore being very time consuming. 

Another method of changing the buffer for analyte molecules is, for 
example, gel filtration, which is often complicated to carry out. 
20 Embodiments of the invention therefore provide an improved method of 
processing of analytes. 

In A) an alternating electric field can be applied, as shown e.g. in Figures 
2 and 3. It has been found that the analytes, which also move in the 
electric field, can be refocused again in the part of the first solution 
25 having a reduced concentration of interfering particles due to A) by 
applying an alternating electric field. 

Analytes usually have a lower electrophoretic mobility than the particles. 
This is often the case because most analytes are molecules having a 
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higher molecular weight than the charged particles. The analytes, for 
example polypeptides or nucleic acids, therefore often have a lower 
charge/mass ratio than the particles, which are, for example salts like 
NaCI or MgCI 2 , buffer molecules like Tris, nucleotides, amino acids or 
5 organic dye molecules. Due to their lower electrophoretic mobility, the 
analytes move slower in the electric field than the charged particles, 
therefore creating special sections of the first solution, containing a lower 
concentration of the charged particles than the analyte molecules. This is 
especially the case, when the high conductivity sample matrix is 
10 surrounded by low conductivity buffers, containing less salts than the 
sample matrix. 

Advantageously an alternating voltage with a frequency of 0.1 to 5 Hz, 
preferably 0,5 to 2 Hz is applied in A). Such alternating voltage with a 
very low frequency is especially suited to reduce the concentration of the 
15 charged particles in a special part of the solution, without reducing the 
concentration of the analytes to a great extent. Different frequencies can 
be chosen by a skilled person depending on the geometry of the 
compartments, for example conduits and the mobility of the particles and 
analytes. 

20 In one embodiment a conduit having reservoirs at its end points is used 
as a compartment containing the first solution, wherein the charged 
particles are mainly being moved into the reservoirs when the electric 
field is applied in A). 

Conduits, for example capillaries having reservoirs at their end points are 
25 especially suited for separation methods like capillary gel electrophoresis 
in B) in one embodiment. Therefore the first solution is preferably 
introduced into this conduit even for A), so that the compartment does 
not need to be changed when proceeding to B). 
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When using a conduit, the reservoirs of the conduit can be filled with a 
second solution containing a lower concentration of the charged 
interfering particles than the first solution. 

Since the charged particles are mainly being moved into the reservoirs 
5 when applying the electric field in A), the charged particles are 

advantageously diluted in the reservoirs containing the second solution. 
Therefore the interfering particles are kept in the reservoirs, even when 
an alternating voltage is applied in A). 

The reservoirs of the conduit can be filled with deionized water. This 
10 results in a high dilution of the charged particles. 

In one embodiment the polarity of the alternating electric field is changed 
roughly two times in A). Such a change of polarity is shown in Figures 2 
and 3. It has been found that changing the polarity of the alternating 
electric field roughly two times results in a reliable reduction of the 
15 concentration of the interfering particles in a special section of the first 
solution inside the compartment while the concentration of the analytes 
in this special part is still high enough to enable a quick and easy 
analysis of the analyte molecules in B). 

Embodiments of the invention are especially suited to reduce the 
20 concentration of salts, buffer molecules, nucleotides or amino acids 
interfering with the analysis in B). These particles are all charged 
particles, normally having a higher electrophoretic mobility than the 
analyte molecules, which might be e. g. nucleic acids or polypeptides. 

In B) of one embodiment, the analyte molecules can be analyzed by at 
25 least one of the following methods: Capillary electrophoresis, capillary 
gel electrophoresis, chromatography, isoelectric focusing and SDS- 
PAGE. SDS-PAGE is a very quick and reliable way of analyzing 
polypeptides according to their mass. 
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It is also possible to perform other processing different to analysis in B), 
for example, transferring the part of the first solution obtained in A) to a 
container for further handling, e. g. storing. 

In one embodiment a microfluidic device having conduits is used for A) 
5 and B). 

Microfluidic devices are normally small chips, having a substrate 
comprising glass, polymers, plastics or silicon, having conduits therein. 
The microfluidic devices are well-suited for carrying out embodiments of 
the invention because a very small amount of the first solution containing 

10 the analytes, e. g. molecules, in a pl-range can be used to analyze the 
molecules in a very quick way. Microfluidic chips frequently contain wells, 
so that electrodes, enabling an electrokinetic movement of the solutions 
through the system of conduits can be introduced via the wells into the 
microfluidic system. Microfluidic systems with conduits are shown in all of 

15 the figures 1 to 5. The solutions containing the analytes can also be 

introduced into the system of conduits by pressure driven flow, capillary 
force, gravitational force or centrifugal force. 

In one embodiment, a microfluidic device is used having a first conduit 
for carrying out A) and a second conduit for carrying out B), wherein the 
20 second conduit runs diagonally to the first conduit having a junction with 
the first conduit. 

Whereas an electrokinetic movement is preferably used in A), B) can be 
driven by pressure, centrifugal force, gravitational force, electric energy 
or capillary force. 

25 Such microfluidic device shows a suitable spatial arrangement of a first 
and second conduit for carrying out both A) and B) without the need to 
transfer the part of the first solution with the reduced amount of charged 
particles to another compartment of the microfluidic device. Such 
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microfluidic device enables a quick transfer of a special part of the first 
solution being located in the junction between the first and second 
conduit to the second conduit for further analysis in B) of one 
embodiment (see for example Figure 4). 

5 When a microfluidic device with a first and second conduit is used, the 
first solution in A) is preferably applied into the first conduit, and an 
electric field is applied to that first conduit, thereby reducing the amount 
of the charged particles in the part of the first solution being located 
around the junction between the first and second conduit. In the 

10 subsequent B) the part of the first solution being located around the 

junction is then introduced into the second conduit by applying an electric 
field to said second conduit (see for example Figures 2, 3 and 4). It is 
also possible to use pressure, centrifugal force, gravitational force, 
electric energy or capillary force to introduce the first solution being 

15 located around the junction into the second conduit. 

Such variant can enable an easy procedure to, for example, desalt a part 
of a sample in A) and then analyze this part in B) in a very easy and 
quick way without the need to transfer this part into a different 
compartment of the microfluidic device or into a different analysis tool. 

20 One embodiment comprises an apparatus for processing analytes 

contained in a first solution including charged particles, comprising a first 
compartment adapted for receiving the first solution and a first source of 
electric energy adapted for subjecting a part of the first solution in the 
compartment to an alternating electric field, thereby reducing the amount 

25 of the charged particles in said part of the first solution. 

The compartment might be a capillary receiving the first solution and the 
first source of energy might be a voltmeter applying an alternating 
electric field. 
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Advantageously the apparatus further comprises a second compartment 
having a junction with the first compartment and a second source of 
energy for introducing the said part of the first solution into the second 
compartment for further processing. 

5 The second source of energy might be selected from a group of sources 
generating pressure, centrifugal force, gravitational force, electric energy 
or capillary force. The second compartment might advantageously 
comprise a capillary or conduit. 

The apparatus for processing the analytes might preferably comprise a 
10 microfluidic device for carrying out method embodiments of the invention, 
and comprising: 

- a substrate with conduits formed therein, the conduits having wells at 
their endpoints, 

- a first conduit for A) and a second conduit for B), the first and second 
1 5 conduit having a first junction, one third conduit for introduction of the 

first solution into the device, the third conduit having a second junction 
with the first conduit, 

- the distance between the second junction and the nearest endpoint of 
the first conduit being equal or smaller than the distance between the 

20 first junction and the second junction. 

A system of microfluidic channels showing these distances is, for 
example, shown in Figure 1 . A microfluidic device having these distances 
is especially suited to carry out embodiments of the invention because 
the distance between the junction of the first and third conduit (second 
25 junction) is adapted to A). Since the charged interfering particles 
normally have a higher mobility in the electric field than the analyte 
molecules, the charged particles are quickly transported into the well at 
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the endpoint of the first conduit, because the distance between the 
second junction and the nearest endpoint having a well is small 
compared to the distance between the first junction and the second 
junction, where the first solution is normally located after being 
5 introduced in the system of conduits (see for example Figure 1 ). The 
small distance between the second junction and the nearest well 
therefore enables a quick reduction of the concentration of the charged 
interfering particles in the second solution being located in the well. 

Embodiments can also be carried out in microfluidic devices, where the 
10 distance between the second junction and the nearest endpoint of the 
first conduit is larger than the distance between the first and the second 
junction, which furthermore comprise a source for alternating voltage in 
order to generate an alternating electric field for A). Due to the normally 
high difference in the electrophoretic mobility between the charged 
15 interfering particles and the analytes, the electrophoretic mobility of the 
charged particles normally being five to ten times larger than the 
corresponding electrophoretic mobility of the analytes, the charged 
particles can even pass very large distances in a short period of time. 
Nevertheless a microfluidic device with a small distance between the 
20 second junction and the nearest endpoint of the first conduit is preferred 
for embodiments of the invention. 

Advantageously a fourth conduit is part of the device, that fourth conduit 
having a third junction with the first conduit. Preferably the distance 
between the second junction and the nearest endpoint of the first conduit 
25 and the distance between the third junction and the nearest endpoint of 
the first conduit are then both equal or smaller than the distance between 
the second and the third junction (see for example Figure 1). If this is the 
case, the first solution is preferably located in the larger part of the first 
conduit located between the second and the third junction. When an 
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electric field is applied in A) of an embodiment of the invention the 
charged interfering particles just have to pass a very small distance in 
order to be kept in the wells at the two endpoints of the first conduit (see 
e. g. Figure 2). 

5 The first junction between the first and second conduit preferably 

comprises a double T-junction as shown e. g. in Figure 5. Such a double 
T-junction increases the size of the part of the first solution having a 
reduced concentration of the interfering particles after A), which can be 
used for further analysis in B), thereby increasing the amount of the 
10 analytes, which can be processed or analyzed. 

In the following embodiments of invention will be explained in more 
detail by the figures. All figures are just simplified schematic 
representations presented for illustration purposes only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figures 1 to 4 depict a schematic course of one method according to an 
embodiment of the invention. 

Figure 5 shows a special arrangement of conduits in a microfluidic device 
especially suited for carrying out embodiments of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

20 Referring to Figure 1 , a microfluidic device 30 is shown having a system 
of microfluidic conduits. This system comprises a first conduit 80 having 
two wells 85 at its endpoints for carrying out a process A) of an 
embodiment of the invention. This conduit 80 has a first junction 100 with 
a second conduit 90 also having wells 85 at both of its endpoints for 

25 carrying out a process B) of an embodiment of the invention. The 
microfluidic device also contains a third conduit 1 10A and a fourth 
conduit 1 10B both having a well 85 at its respective endpoints and 
having a second and a third junction 120A, 120B with the first conduit 80. 
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The system of conduits is preferably filled with a gel matrix 50 suitable 
for the analysis in B), whereas the wells 85 are preferably filled with a 
second solution with low conductivity comprising deionized water or a 
buffer and a gel with low conductivity. The third and fourth conduits 1 10A 
5 and 1 1 B are used to introduce the first solution 15A via the wells 85 into 
the system of conduits by applying a voltage across both wells of the 
third and fourth conduit using the electrodes 60. After having introduced 
the first solution 15A into the system of conduits, the analyte molecules 
20 and the charged particles 1 , 5 of solution 15A are mainly located in 

10 the first conduit 80. The interfering particles 1 , 5 are schematically shown 
in the form of plus and minus symbols in Figure 1. In order to ensure that 
the charged interfering particles 1 , 5 are preferably kept in the wells 85 at 
the endpoints of the first conduit 80 in A) of an embodiment, the distance 
d between the second junction 120A and the nearest endpoint 150A with 

15 the well 85 and the distance d' between the third junction 120B and the 
nearest endpoint 150B with a well 85 are both smaller in Figure 1 than 
the distance f between the second junction 120A and the third junction 
120B. 

Turning now to Figure 2, a simplified schematic representation of the 
20 analyte molecules and the interfering particles during A) of an 

embodiment is shown. It can be seen, that an electric field is applied in 
the first conduit 80 by immersing two electrodes 60 in the two wells 85 
located at the endpoints 1 50 A, 1 50B of the first conduit 80. Both 
electrodes 60 are immersed in a second solution 15B, which contains a 
25 lower concentration of the interfering particles 1 , 5 than the first solution 
15A. When the electric field is applied across the first conduit 80, both 
the interfering particles 1 , 5 and the analyte molecules 20 begin to move 
in the electric field. Since the cations and anions 1 , 5 are much smaller 
than the analyte molecules 20, normally larger nucleic acids or 
30 polypeptides, the interfering particles 1 , 5 move much faster in the 
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electric field than the analyte molecules 20. It can readily be seen in 
Figure 2 that basically no interfering particles 1, 5 are left in a special 
section 1 0 of the first solution 1 5A, whereas there are still some analyte 
molecules 20 left due to their lower mobility. This special section 10 of 

5 the first solution 15A is roughly located in the middle between the two 
wells 85 around the first junction 100 between the first conduit 80 and the 
second conduit 90. The electrophoretic movement of the cations, the 
anions and the analyte molecules in the electric field e. g. in a SDS- 
PAGE gel matrix is indicated by small arrows. Due to that movement a 

10 concentration gradient is formed in the first solution 1 5A, wherein the 

lowest concentration or even low concentration of the interfering particles 
is located roughly in the middle of the first conduit at the first junction 
100, the concentration of the interfering particles 1, 5 increasing in the 
solution 15A with decreasing distance to the endpoints of the first 

15 conduit. 

Referring now to Figure 3, the polarity of electric field has been reversed 
in comparison to Figure 2, if an alternating electric field is applied in A). 
Due to this change of the electric field the cations 1 and the anions 5 of 
the interfering particles started to move back into a direction opposite to 

20 the direction of movement in Figure 2. The inventor found, that when the 
wells 85 at the endpoints 150A, 150B of the first conduit 80 contain a 
solution having a lower concentration of the charged particles than the 
first solution, preferably deionized water, H 3 0 + ions and OH" ions might 
primarily move in the electric field having even a higher electrophoretic 

25 mobility than the cations and anions of the interfering particles. Due to 
the change of the electric field the analyte molecules 20 are also moving, 
leading to an increase of the amount of analyte molecules 20 in the 
section 10 of the first solution 15A. 

Figure 4 depicts a variant of B). During B) the section 1 0 of the first 
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solution 15A also called "sample-plug", can be introduced into the 
second conduit 90 for further analysis by applying an electric field at both 
endpoints of the second conduit 90 having a well 85. This can be done, 
for example, by immersing two electrodes 60 into the wells. The analyte 
5 molecules 20 therefore move into the second conduit 90 and can be 
separated and analyzed, for example using SDS-PAGE. 

Figure 5 shows an embodiment of a system of conduits in a microfluidic 
device, wherein the first junction 100 between the first conduit 80 and the 
second conduit 90 comprises a double T-junction. Due to this double T- 

10 junction a larger section 10 results which is located around the first 

junction 100. When a voltage is applied across the second conduit 90 all 
the analyte molecules 20 being located in this section 10, are injected 
into the second conduit 90 for further analysis in B). The double T- 
junction leads to an increased amount of analyte molecules 20 being 

15 available for analysis in B). 

The scope of the invention is not limited to the embodiments shown in 
the figures. Indeed variations, especially concerning the arrangement of 
the different conduits are possible. 
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